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Hf0.5Zr0.5O2 (HZO)-based FeFET and FeFET-based 
oscillator circuit

❖Smaller number of components (4T 2C for a single oscillator circuit)

❖Energy efficiency

❖Si process compatibility

❖Scalability

A. Mallick, et al., Nat. Commum, 11, 2020.

CMOS-based Oscillator Metal-Insulator Transition 
based Oscillator

S. Dutta, et al., Nat. Commum, 10, 2019.

Not compatible with Si Process
Temperature sensitive

FeFET-based Oscillator 
(PZT Capacitor)

Z. Wang, et al., IEEE J. Explot. Solid-State 
Computat, 5, 2019.

Limitations on Si process
Difficult to scale down

M. Ku, et al., Phys. Rev. Appl, 14, 2020.

J. Torrejon, et al., Nature, 547, 2017.

Spin-Torque Oscillator

Not compatible with Si Process
Large energy consumption

10 transistors and 2 capacitors

Device Fabrication 
and Modeling

SPICE 
Simulation

Coupled-Oscillatory 
Network Simulation

o FeCap

o P-type FeFET

o Device Modeling

o Inverter

o Single-Oscillator Circuit

o Coupled-Oscillator 
Circuit

o Theoretical 
Understanding

o Coupled-Oscillatory 
Network
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Diameter: 80 μm
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2) Ferroelectric FET (FeFET)

Devices
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Test element group

1) Inverter (pFeFET + nFET)
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2) FeFET Oscillator
❖ Oscillation triggering is controlled by transmission gate

❖ Oscillation frequency can be designed by the equation below: 

(a) Asynchronization (b) Synchronization
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3) FeFET Coupled Oscillator

ψ = ψ1 + ψ2 + ··· + ψn
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Considering reference signal as n+1th input,

Approximate the trigonometric function “cos” 
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Const. (δ indep.) Proportional to L22 Error term

ψi = Ai cos(ωt - δi)

Aref = m × Ai

m = 1 and n = 4

Aref = m × Ai

m = 5 and n = 4

Aref = m × Ai

m = 10 and n = 4

m = 5

n = 4

m = 5

n = 36

m = 5

n = 100
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❖Applications

Device Modeling

o PTM + Preisach model

( )( ) tanh / 2sat s cP E P E E  = − 

1

1 P /
ln

1 P /

r s
c

r s

P
E

P


−

  +
=   

−  

1) Ferroelectric capacitor

2) Ferroelectric FET

Vin Schmitt Trigger Operation

0 Vout is high

0→ VDD Once Vin touches Vtrip,n, nFET turns on and Vout goes to low. 

VDD Vout is low

VDD→ 0
Changed Vtrip,p due to the forward sweep of Vin results Schmitt Trigger 
operation. 

❖ Energy consumption per a single cycle: 0.84 nJ (VDD = 0.9 V) ~ 

3.97 nJ (VDD = 1.2 V). This is at least 29x lower compared to the 

previous work.
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❖Theoretical Approach

➢Derivation of Equations

➢Ways of Reducing Errors
➢ Single L22 unit

➢ Convolutional operation approach 

o Increasing the Aref (Aref = m·Ai)

o Increasing the number of oscillators (n)
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the factor α relates (dis)charging delay of Cin to the voltage swing at the input node

➢ FeFET-based coupled-oscillatory network simulation results

w/o noise w/ 1 LSB noise w/ 2 LSB noise
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